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A B S T R A C T
Manipulation and mobilisation of the cervical spine are well established interventions in the management of
patients with headache and/or neck pain. However, their benefits are accompanied by potential, yet rare risks in
terms of serious adverse events, including neurovascular insult to the brain. A recent international framework for
risk assessment and management offers directions in the mitigation of this risk by facilitating sound clinical
reasoning. The aim of this article is to critically reflect on and summarize the current knowledge about cervical
spine manual therapy and to provide guidance for clinical reasoning for cervical spine manual therapy.
1. Introduction
In 2014, the IFOMPT ‘International Framework for Examination of
the Cervical Region for Potential of Cervical Arterial Dysfunction’ was
published (Rushton et al., 2014). The Framework aimed to guide clin-
ical reasoning for assessment of the cervical spine region for potential
cervical arterial dysfunction, prior to planning manual therapy inter-
vention (Rushton et al., 2014). To this end, the Framework considers
both ischaemic and non-ischaemic neurovascular presentations to
identify possible risks (prior to any overt symptoms and signs of cer-
vical arterial dysfunction) in a patient presenting for cervical manage-
ment (Rushton et al., 2014). The Framework provides important in-
formation for clinicians to (re)consider before applying manual therapy
interventions (Scholten-Peeters et al., 2014). Nevertheless, discussion
continues about some items in the Framework, e.g. the relation between
serious adverse events and manipulation, potential risk factors for
vascular pathologies, complications after manipulation, and the use-
fulness of physical examination (Kerry et al., 2014; Scholten-Peeters
et al., 2014).
The aim of this article is to critically reflect on and summarize the
current knowledge about cervical spine manual therapy and to provide
guidance for clinical reasoning in cervical spine manual therapy.
1.1. Benefits of treatment
A Cochrane review assessed the effectiveness of manipulation and
mobilisation for neck pain versus an inactive control or another active
treatment (Gross et al., 2015). The authors concluded that, although
there was evidence for the use of thoracic manipulation versus control,
the evidence for cervical manipulation and mobilisation versus control
was limited. The authors found that manipulation versus mobilisation
presented similar results at immediate/short/intermediate-term follow-
up. However, multiple cervical manipulation sessions provided better
pain relief and functional improvement than medication (analgesics
and non-steroidal anti-inflammatory drugs) at immediate/inter-
mediate/long-term follow-up (Gross et al., 2015). Since manipulation
carries a risk of rare but serious adverse events, the authors re-
commended additional high-quality research focusing on mobilisation,
and comparing mobilisation or manipulation versus other treatment
options, to guide clinicians in their optimal treatment choices (Gross
et al., 2015). Recently, a best evidence synthesis concerning the effec-
tiveness of manual therapies, in the management of patients with
whiplash-associated disorders or neck pain was performed (Wong et al.,
2016). The authors concluded that mobilisation, manipulation, and
clinical massage are effective interventions for the management of neck
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pain. Another review, investigating the effectiveness of multimodal care
in the management of patients with whiplash-associated disorders or
neck pain found that multimodal care that includes manual therapy,
education, and exercise may benefit patients with grades I and II whi-
plash-associated disorders and neck pain (Sutton et al., 2016).
1.2. Indications for cervical spine manipulation
Careful consideration of the indication for cervical spine manip-
ulation is necessary, as a substantial percentage of manipulations may
be performed for inappropriate conditions (Puentedura et al., 2012).
Conditions indicated for the use of cervical spine manipulation include
mechanical neck pain, stiffness, cervicogenic headache and cervical
radiculopathy (Coulter et al., 1996). Typical clinical presentations that
would suggest an indication for manipulation include: a primary com-
plaint of neck pain; a problem that is mechanical in nature and fits with
a biomechanical pattern that is regular and recognisable; limited range
of motion (direction specific); pain that has clear mechanical ag-
gravating and easing positions or movements; and local provocation
tests that produce recognisable symptoms (Dewitte et al., 2014).
1.3. Risk of cervical spine manipulation
After cervical spine manipulation, the estimated incidence of serious
adverse events ranges from 1 per 50,000 to 1 per 5.85 million manip-
ulations (Haldeman et al., 2001; Magarey et al., 2004; Rivett et al.,
2005). Serious adverse events are however thought to be under-re-
ported (Kerry et al., 2008b). The best design to examine the association
between manipulation and serious adverse events is a case-control
study (Cassidy et al., 2012). The most recent case-control and case-
crossover studies found a similar association between chiropractic care
compared to care delivered by primary care physicians and vertebro-
basilar strokes and carotid artery strokes (Cassidy et al., 2008, 2017).
Therefore, the association between manipulation (more specifically,
cervical spine manipulation) and craniocervical artery dissection
(Cassidy et al., 2008, 2017; Rothwell et al., 2001; Schievink, 2001) may
be confounded by indication, caused by patients with pre-existing
vascular pathologies who are seeking care (Biller et al., 2014; Cassidy
et al., 2008, 2017, 2012; Church et al., 2016; Kosloff et al., 2015;
Murphy et al., 2016).
Craniocervical artery dissection is most prevalent in the upper cer-
vical spine (Biller et al., 2014) and an important cause of stroke in
young people, with a prevalence of up to 20% of strokes in this popu-
lation (Blum and Yaghi, 2015; Debette and Leys, 2009; Dziewas et al.,
2003; Goeggel Simonetti et al., 2015; Schievink, 2001). The cause of
craniocervical artery dissection is largely unexplained and should be
further investigated; however, most likely it involves an underlying
abnormality of the vessel wall as well as triggering factors, such as
minor head or neck trauma or infection (Brandt et al., 2001; Debette,
2014; Guillon et al., 2003; Robertson and Koyfman, 2016).
Each estimate of increased risk of craniocervical artery dissection
should be weighed against the probability of craniocervical artery dis-
section that each person has (Scholten-Peeters et al., 2014). The annual
incidence of a spontaneous carotid arterial dissection is 2.3–3.0 per
100,000 people and the incidence of a vertebral arterial dissection is
1.0–1.5 per 100,000 people (Debette and Leys, 2009; Dziewas et al.,
2003; Schievink, 2001). A mechanical trigger (e.g. an insignificant
trauma to the neck or cervical manipulation) may then trigger cranio-
cervical artery dissection (Debette and Leys, 2009; Dittrich et al., 2007;
Engelter et al., 2013; Robertson and Koyfman, 2016; Thomas et al.,
2011). However, it is also possible that these people could have a
spontaneous craniocervical artery dissection anyway (Scholten-Peeters
et al., 2014). However, we cannot rule out the possibility that cervical
spine manipulation itself, in extremely rare cases, may cause a serious
adverse event (Eriksen et al., 2011).
In the IFOMPT Framework the acronym ‘CAD’ is used for the term
Cervical Arterial Dysfunction which refers to a broad range of internal
carotid or vertebral arterial pathologies, including atherosclerosis,
thrombosis, aneurysmal, vascular anomalies, and dissection (Rushton
et al., 2014). However, this acronym might lead to confusion because
‘CAD’ is used in the non-manual therapy literature to refer to either
coronary artery disease, carotid artery dissection, or (cranio)cervical
arterial dissection (Kerry et al., 2014). We propose to change this ac-
ronym into CADF (Cervical Arterial DysFunction) to make the distinction
more clearly with cervical arterial dissection (CAD).
1.4. Risk factors
Especially younger people (< 45 years) seem to have an increased
risk to develop a craniocervical artery dissection, as opposed to older
people with multiple cardiovascular risk factors for atherosclerosis
(Cassidy et al., 2008, 2017; Goeggel Simonetti et al., 2015; Kranenburg
et al., 2017; Rothwell et al., 2001; Rubinstein et al., 2005; Schievink,
2001; Traenka et al., 2017). A review of 134 case reports of serious
adverse events after cervical spine manipulation showed that the mean
age of these people was 44 (range 23–86) years, and only 26.1% were
older than 50 years (Puentedura et al., 2012). In that review, vascular
pathologies as a pre-existing condition accounted for only 13.3% the
people having a serious adverse event after cervical spine manipulation
(Puentedura et al., 2012). Another recent review including 227 cases of
adverse events after spinal manipulation/mobilisation was not able to
extract a patient profile, related to the risk of adverse events after
cervical spine manipulation (Kranenburg et al., 2017). Another group
found that cardiovascular risk factors commonly associated with stroke
were not strongly represented in the dissection group as compared to
the non-dissection controls (Thomas et al., 2011). In that study there
was a mean of 1.4 cardiovascular risk factors per dissection, compared
with 3.2 in the non-dissection group (Thomas et al., 2011). Moreover,
the odds ratios of these risk factors were smaller than 1, which means
that factors such as hypertension, smoking status, and high cholesterol,
may even seem to be protective for craniocervical artery dissection in
younger persons (Rubinstein et al., 2005; Scholten-Peeters et al., 2014;
Table 1
Risk factors for cervical artery dissection.
Risk factor Odds ratio (95% CI) Reference
Recent head or neck trauma 23.51 (5.71–96.89)
60.0 (8.7 – infinity)
Thomas et al. (2011)
Thomas et al. (2015)




5.2 (0.6 – infinity)
Thomas et al. (2011)
Rothwell et al. (2001)
Smith et al. (2003)
Cassidy et al. (2008)





Thomas et al. (2011)
Rist et al. (2011)
Metso et al. (2012)
Thomas et al. (2015)
Recent infection 3.77 (1.07–13.24)
3.5 (1.2–16.7)
2.5 (0.4–14.5)
Thomas et al. (2011)
Dittrich et al. (2007)
Thomas et al. (2015)
Craniocervical vascular anomaly 3.0 (0.99–9.02)
1.9 (0.3–11.6)
Thomas et al. (2011)




Thomas et al. (2011)
Thomas et al. (2015)
Debette et al. (2011)
Oral contraception 1.32 (0.31–5.69)
0.3 (0.08–1.3)
Thomas et al. (2011)
Thomas et al. (2015)
Family history of stroke 0.55 (0.16–1.88)
0.9 (0.05–14.8)
Thomas et al. (2011)
Thomas et al. (2015)
High cholesterol 0.33 (0.12–0.85)
0.06 (0.01–0.5)
0.55 (0.42–0.71)
Thomas et al. (2011)
Thomas et al. (2015)
Debette et al. (2011)
Current or past smoker 0.31 (0.13–0.78)
0.4 (0.09–1.3)
Thomas et al. (2011)
Thomas et al. (2015)
CI = confidence interval.
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Thomas et al., 2011). Table 1 presents an overview of the potential risk
factors for which the association with craniocervical artery dissection is
known. In general, there seem to be a strong association for risk factors
with a genetic component, while there is only a weak association for
environmental factors, except for and for trivial head or neck trauma
(Debette and Leys, 2009; Rubinstein et al., 2005; Thomas et al., 2011,
2017).
General cardiovascular risk factors, with the exception of diagnosed
migraine, do not appear to be important risk factors for craniocervical
artery dissection, but appear to be risk factors for other vascular pa-
thology, such as atherosclerosis (Debette and Leys, 2009; Thomas et al.,
2011, 2015). However, the pathophysiology of craniocervical artery
dissection is incompletely understood and should be further in-
vestigated (Debette, 2014; Robertson and Koyfman, 2016).
Atherosclerosis is an inflammatory process associated with a
number of factors, including hypertension, hypercholesterolaemia, hy-
perlidaemia, diabetes mellitus, infections, and smoking (Taylor and
Kerry, 2010). Risk factors for atherosclerosis are often present in older
people and thrombotic stroke is typically a disease of the elderly
(Debette and Leys, 2009). Therefore, in older people, it is important to
address all these atherosclerosis related factors in the patient interview,
as their presence is a risk factor for vascular pathology and might be a
contraindication for manipulation.
1.5. Contraindications
In a review of 134 case reports, the most common pre-existing
serious pathologies for serious adverse events were bony pathologies
(70%), including severe osteoporosis, spondylosis and rheumatoid ar-
thritis (Puentedura et al., 2012). These conditions are clear contra-
indications to cervical spine manipulation, and some are identifiable
through a detailed patient interview and clinical examination
(Puentedura et al., 2012).
Table 2 presents an overview of contraindications and precautions
for cervical spine manual therapy. Cervical spine manual therapy
should not be performed when contraindications or unexplained red
flags are present, as these might be associated with serious pathologies
and, thus, contraindicated for manual therapy (Refshauge et al., 2002).
1.6. Clinical reasoning
Prior to cervical spine manual therapy, a risk-benefit analysis should
be performed (Rushton et al., 2014) in which the potential risks for
vascular pathologies and (vascular) complications after manipulation
should be weighed against the potential benefits. This risk should be
estimated for each patient, based on all current factors surrounding the
particular situation at that particular time (Kerry et al., 2008a). In their
clinical reasoning, manual therapists must rely on information based on
the patient interview and physical examination with regard to clinical
signs and symptoms and available risk factors for the different diseases/
disorders and interpret this information carefully. There are three im-
portant steps in the clinical reasoning process: 1) identifying a possible
vasculogenic contribution or other serious pathology; 2) determining
whether there is an indication or contraindication for mobilisation or
manipulation; and 3) assessing the presence of any potential risk factors
associated with potential serious adverse events which are reported to
occur after cervical spine mobilisation and/or manipulation. Supple-
mentary Material 1 presents a flowchart that emphasises these im-
portant steps in the clinical reasoning process.
1.7. The patient interview
The patient interview is essential to identify potential risk factors,
red flags and contraindications, and also to create initial hypotheses to
be further investigated in the clinical examination (Rushton et al.,
2014). With regard to the prevention of serious adverse events, iden-
tifying a possible vasculogenic contribution to the complaints is im-
portant. Severe, unusual headache or neck pain are often the first
symptoms of an underlying craniocervical artery dissection (Debette
and Leys, 2009; Taylor and Kerry, 2010). In patients older than 60
years, pain and mechanical triggers might be missing because cervical
pain is not a hallmark of craniocervical artery dissection in patients
older than 60 years (Traenka et al., 2017). Interpreting data from the
patient interview and defining the main hypothesis is essential for an
effective physical examination (Petty, 2011; Rushton and Lindsay,
2010).
1.8. Physical examination
Tests for upper cervical spine instability or premanipulative ver-
tebrobasilar insufficiency tests do not seem to be of important value in
premanipulative screening, due to low diagnostic accuracy and low
pretest probability (Hutting et al., 2013a, 2013b). Especially the low
sensitivity of these tests can result in a high rate of patients being
wrongly classified as ‘low-risk patients’ (false negatives) for serious
adverse events (Hutting et al., 2013a, 2013b). However, given the high
Table 2
Contraindications and precautions to perform cervical spine manual therapy (Puentedura et al., 2012; Rushton et al., 2014).
Contraindications Precautions
• (Acute) fracture • Inflammatory disease
• Relevant recent trauma • Rheumatoid arthritis
• Dislocation • Ankylosing spondylitis
• Ligamentous rupture • History of cancer
• Instability • Long-term steroid use
• Active cancer • Osteoporosis
• Acute myelopathy • Systemically unwell
• Spinal cord damage • Hypermobility syndromes
• Upper motor neuron lesions • Connective tissue disease
• Multi-level nerve root pathology • A first sudden episode before age 18 or after age 55
• Worsening neurological function • Cervical anomalies
• Recent surgery • Local infection
• Acute soft tissue injury • Throat infection
• Unremitting, severe, non-mechanical pain • Recent manipulation by another health professional
• Unremitting night pain • Vascular disease
• Vertebral/carotid artery abnormalities • Blood clotting disorders/alterations in blood properties
• Vertebrobasilar insufficiency • Anticoagulant therapy
• Absence of a plausible mechanical explanation for the patient's symptoms
• Immediately post-partum
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specificity of the upper cervical spine instability tests and pre-
manipulative vertebrobasilar insufficiency tests these tests can be va-
luable in detecting upper cervical spine instability or vertebrobasilar
insufficiency (Hutting et al., 2013a, 2013b), which are both contra-
indications for cervical spine manual therapy. In case the patient in-
terview indicates an expected vascular contribution or upper cervical
spine instability, premanipulative vertebrobasilar insufficiency testing
and upper cervical spine instability testing seems not to be prudent and
might even be harmful for the patient.
As general cardiovascular risk factors generally do not appear to be
associated with craniocervical artery dissection in younger persons,
routine assessment of these cardiovascular risk factors in the physical
examination (e.g. measuring blood pressure) in younger people may not
be particularly useful for manual therapists when aiming to determine
the risks of serious adverse events in these patients (Thomas et al.,
2011, 2017). In older patients, measuring blood pressure may be con-
sidered, since hypertension is a recognised risk factor for both stroke
and cardiovascular disease (Taylor and Kerry, 2013; Traenka et al.,
2017). However, the diagnostic validity and reliability of blood pres-
sure measurement (in addition to the patient interview) with regard to
assessing vascular risk factors in manual therapy practice is unknown
and needs further investigation. Patients with hypertension that has not
been previously identified should be advised to discuss its implications
with their primary care provider (Rushton et al., 2014).
1.9. Applying cervical spine manual therapy
If there is an indication for cervical mobilisation or manipulation,
the appropriate technique and the intensity of the technique should be
determined. There is no clear evidence that any one technique has a
higher risk compared to the other techniques. However, the basic
principle underlying all the techniques should be that minimal force is
applied to any structure in the cervical spine, i.e. low amplitude, short
lever thrusts (Rushton et al., 2014). Moreover, cervical manipulation
should not be performed at the end of range of cervical movement,
particularly extension and rotation (Rushton et al., 2014). Since iso-
lated cervical spine manipulation and mobilisation produce similar
patient related outcomes, mobilisation can be used as an alternative for
manipulation. Unfortunately, knowledge is lacking on possible serious
adverse events after mobilisation and specific risk factors for compli-
cations after mobilisation, which can also place stress on blood vessels
and connective tissue. The contraindications discussed in the IFOMPT
Framework also apply in case of mobilisation or exercises. However, it
is possible that contraindications for manipulation, mobilisation or
exercises may vary and further research in this area is recommended
(Puentedura et al., 2012).
2. Conclusions
Although there seems to be no causality between cervical spine
manipulation and serious adverse events (in particular, craniocervical
artery dissection) it is important that manual therapists try to prevent
every potential serious adverse event caused by vascular or other
pathologies. Therefore, thorough patient interviewing, clinical assess-
ment, interpretation and analysis are important skills needed to de-
termine an indication for manual therapy. In case there is a possible
vasculogenic contribution, cervical spine manual therapy is contra-
indicated. Also, in the event of other contraindications or risk factors
for possible serious adverse events, cervical spine manipulation or
mobilisation should not be performed. The various topics discussed in
this professional issue can support manual therapists in their clinical
reasoning process to improve the safety of manual therapy.
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